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Stanley B. Proslner's prion 
research had been ridiculed. 



Nobel Prize 

Vindicates 
US. Scientist 

Infectious Protein 
Discovery Cited l\ 



By Rick Weiss 

WnhmgtooPcwt Stiff Wrfaf 

Stanley B. Prusiiier, a may-; 
erick American sciential wiuK- 

. far. two decades endured deri- 
sion from his peers as he tried * 
to prove that biaarre infectious 1 1 
proteinsicould cause brain dis- . 

" eases like "mad cow disease" in V 
people and animals, yesterday*' 
was . awarded the ultimate m * ; > 

.scientific vindication: the NoR>" 

, bei Prize in Medicine or Physk 



Prusiner, a 55-year-old neu- 
rologist at the University of 
California San Francisco, was. 
cited by the Swedish Nobel 
committee "for his pioneering, 
discovery of an entirely new 
genre of disease-causing, 
agents and the elucidation of-, 
the underlying principles, of 
their mode of action^ v A I < ^ 
' The infectious particle^ mat- 7 j 
Prusiner disayvereof wrM hel~ 1 
named'prion's (P!fl«J$ns), are fy 
made of protein and do not 
contain any genes or genetic 
material—a detail that disthv . 
gutshes them from aQ other 
kmds of infectious agents such i 
SeeNOBELPREE^CeL*- 



NOBEL PRIZE, PromAl 

as viruses, bacteria, fungi and para- 
sites. 

Until Prusmer came along, no one. 

knew that simple proteins could repro- 
duce themselves as though they were 

alive. Indeed, the concept was so revolu- 
tionary tone was shunned for years as 

a man who had overreached the limits 

of scientific sensibility. Many research-. 

era presumed that the diseases frusmer 

attributed to prioiis— niduding the 

sheep Alness called scrapie and human 

ailments such as Creutzfekfcjakob and 

kuru— were actually caused by tiny, 

slow-growing, undiscovered viruses. 

Although some scientists soil ques- 
tion the prion hypothesis, a growing 

body of work research Wxtfa^ 

around the world has led tb^fr near 

consensus that the feisty FVusiner has ' 

been correct aQ along. 
Tfs a very, very 1 

said Zach HaO, director of the National 

Institute of Neurological Disorders and 

Stroke, whkh; funded much^of ftiafc 

nertwwoiir:during.'the past ^jeantf, 

The ideas were bold and the rjftrthe- - 

sis was hereof But he pushed unre?; 

lentingry and was unfiaed^^ li- 
lt's terrific" saM DavW BaMra^ - 

the Massachusetts Institute of lechool-, ; 

ogy hmimnologSst and 1975 Nob^lau^ ; 

rente; who for years coinited- hhnsdf ^ 

among Prusiner's doubtem TheseW'; 

n^ mytitologk^ , t , . .. 

people who have ies# ttp*^^ 
faith for so many yearfrrjm^^ :? 
through 1 a period of *opprobrlum^tn<^ , , ^Fran^tra rule briefly yes- > 
finally are chscoveredto be right* Batf 
more said: 'Sioriea See mese ; 

mat common, butfcey provid^airTn^ S^S^^^^mSSP^A is 
portent for young pe^ in s^ a 



encec They say, *Be true to yourself.' " 
In awarding Prusiner the $1 million 
prize, the Nobel committee of Sweden's 
Karohnska Institute suggested that Pru- 
siner's discoveries may lead to a better 
understanding of Alzheimer's disease 
and other neurodegenerative syn- 
dromes. His work already has proved 
invaluable in the study of mad cow 
disease — or bovmespongiijonn enceph- 
alopathy-- -and the human brain disease 
called "new variants Creutzfokh^Jakob 
disease, now believed to be caused by 
eating beef from affected cattle. 

In an interview yesterday, Prusiner 
said scientists were right to doubt him at 
the begmmng. "I think that science 
should be very reticent to accept new 
ideas," he sakL ^mety-dne percent of 
ne^eaj are L wrong, Jk hive to Kb 
very tough on our coueajiues. 

The only time.hewas hurt by, the 
de cades of skeptirismf *was when it 

instances were qotfpfremient The very 

ne^tn^sp ^c^^ 
Ifigesdir^Jte^ 

tkmsmp with the press was alsoirockyi *. 
ml986Discov€rrn^ 
artide;descrQ}ing'Pn^ 
and aetfaggrandiring *sde^ 
flafcfor^pubnc- relah^ . 
haiikerin*fora*^ 
am^ of that artide^wni^ 
yesler^cafleQ^ 



tion about ways to reduce the t 




Prions reside naturally in the 1 
cells of people and animals, and in t 
normal form they do no harm (tt 
what exactly they do remains i 
Occasionally, however, a prion i 
into an abnormal shape. In a [ 
process that Prusiner painstakingly <i 
umented over many years, these i 
mal prions seem to manhandle 
rounding normal prions into ; 
defective three^toensicmal forma 

As newrywnfigured prions < 
their neighbors, they multiply t 
crut the bram Hke a spreading t 
Pockets of brain tissue gradually 
from the ararrmilation of abnormal proffi 
teins, teadmg to a "spongy" appearance)! 
characteristic of prion bram diseases;* * ! 
1 Prusmer also showed that prka^ 
eases can someoines be passed froinR 
one species to another. Scientists now : 
have strong evidence, for example, 
die 21 recently discovered cases drieif; 
variant Cretmifeldtjakob affleaaem < 
rope(whkhaffecteyom^ 
dt>es«terja%d^ 
consunn^^l^rh^ni^ came 
inMcow disease* i . - . ■ ! i 

" ^Human spongiform^ | 



coordination and memory, toss, indkde, 
Creutifetfrjakob disease, Gertsminv . 

ial hwrnnia; and kuru— a ftttkSBmfT 
syndrank.sr^read by rituaHstfc cannit)a^ 
ism among tribal NewGumeans. u " ii 
Much remains to be learned aljbul j 
why prions occasionally mutate and howi 




. There is no i effective treatment for pno^! 
diseases, but scientists said Pnisiher^ i 



EXHIBIT A 



Bovine Growth Hormone: 
Human Food Safety Evaluation 



Judith C. Juskevich* and C. Greg GuYERt 



Jcientists in the Food and Drug Administration (FDA), 
fter reviewing the scientific literature and evaluating 
todies conducted by pharmaceutical companies, have 
oncluded that the use of recombinant bovine growth 
lormone (rbGH) in dairy cattle presents no increased 
Si risk to consumers. Bovine GH isnot biologically 
xtive in humans, and oral toxicity studies have demon- 
trated that rbGH is not orally active m > » JP"?? 
esponsive to parenterally admmistered bGH Recombi- 
lantbGH treatment produces an increase ^in the concen- 
tration of insulin-like growth factor-I (IGF-I) in cow's 
.uilk. However, oral toxicity studies have shown that 
bovine IGF-I lacks oral activity in rats. Additionally, the 
SnSntration of IGF-I in milk of rbGH-treated cows is 
within the normal physiological range found in human 
breast milk, and IGF-I is denatured under conditions 
used to process cow's milk for infant formula. On the 
basis of estimates of the amount of protein absorbed 
intact in humans and the concentration of IGF-I m cow's 
milk during rbGH treatment, biologically significant lev- 
els of intact IGF-I would not be absorbed. 



GROWTH HORMONE (GH) IS A PROTEIN PRODUCED IN THE 
pituitary gland of all animals and is an important endocrine 
factor for normal growth and lactation in mammals. It was 
known as early as the 1930s that injection of dairy cows with bovine 
pituitary extracts increased milk yield, and this increase was eventu- 
ally attributed to bovine growth hormone (bGH; also called bovine 
somatotropin or bST). The limited supply and the impurity of 
pituitarv-derived bGH, however, precluded its commercial use on 
dairv farms. The advent of biotechnology in the 1980s has allowed 
the production of large quantities of pure bGH through recombi- 
nant DNA processes. Subsequcndy, several pharmaceutical firms 
have developed rbGH for administration to dairy cows to increase 
milk vield and the efficiency of milk production and are currently 
conducing studies necessary for evaluation of these products by the 
FDA 

Bovine GH treatment increases milk production by affecting 
several phvsiological processes (1). In general, there .s an increased 
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mammarv uptake of nutrients used for milk synthesis accompanied 
by altered metabolism in other tissues, which results in the increased 
availability of these nutrients for milk synthesis. These changes in 
tissue metabolism initiated by bGH involve both direct ^ effects and 
indirect effects mediated by insulin-like growth factors (IG«). 

Some consumers have become concerned about the use of rbGH 
in dairy cows as a result of reports from the news media of : 
allegations of potential hazards. Although FDA scientists have . 
determined that milk and meat from rbGH-treated animals are safe 
for human consumption (2), questions have remained in the mind I o 
the consumer regarding the regulatory process within the FDA that 
permits marketing of food products from animals used in investiga- 
tional studies and the scientific basis for decisions regarding the 
human safery of such products. The purpose of this article is to 
address these concerns by briefly explaining the approval process 
within the FDA and to summarize the scientific information used by 
the agency to evaluate the human safety of these products. 

New Animal Drug Regulation 

The FDA has the responsibility of enforcing the Federal Food, 
Drug, and Cosmetic Act (FD&C Act), and the enforcement author- 
ity for animal drugs is delegated to its Center for Veterinary 
Medicine (CVM). Before approving a new animal drug, the HJA 
requires that the pharmaceutical company demonstrate that food 
products from treated animals are safe for human consumption. In 
addition, the company must show that the drug is .effective and safe 
for the animal, and that the manufacture of the drug will not 
adversely affect the environment. These general requirements are 
outlined in the Code of Federal Regulations (J). The efficacy and target 
animal safety studies must include trials in several different geo- 
graphical locations in the United States under typical conditions of 
use To conduct clinical studies with investigational drugs the 
pharmaceutical companies must establish an Inv«ogauonal New 
Animal Drug (INAD) application with the FDA, through winch 
the agency controls the use of the unapproved compound m food 
animals. The label for the compound indicates that the drug is 
investigational and that animals treated with the drug must not be 
used for human food unless this use is expressly authorized by the 
FDA 

Under an INAD application, pharmaceutical companies may 
conduct the human food safety studies required for approval of their 
product. The results of these studies may be submitted to the CVM 
while the compound is still undergoing investigation. CVM scien- 
tists review the human food safety data and establish an appropriate 
period for drug withdrawal before slaughter, or a discard period tor 
milk, which ensures that no unsafe residues are present ,n the food 
products. At that point, the FDA may authonze the use in human 
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frod of products from anin^reated ,n investigational studies 
maa *5 oa WCre rcauired <° d-card milk while Tows 

of rbGH treatment and were not allowed to slaughter the cows for 
human consumption until 15 days after the last treatment "it 
pharmaceuueal compan.es later completed the human foS saSj 
nor ' A rCSUiB dcmonstr ated that a withdrawal period w2 
not required. Under conditions of the INAD regulation ITfZI 
Jen permitted milk and meat from rbGH-trSed "owTto ti 
marketed w.th no w,thdrawal period. Because the FDA requirS the 
pharmaceut.cal companies to subnut all studies they condlctS on 
*e,r products, the agency continues to receive human 25«£ 
r , pm. CVCn ** rcou ™" ^ been met. ^ 
druVs s! c ht S r ^ nt h r a " f00d ^ re °™ents for protein 
srfeS S r dBCUSSed Wow - Guidelines for conducting 

safety studies for nonprotein drugs will not be discussed here buf 
can be obta.ncd from the CVM (4). hCre but 

D aM quality assurance. The pharmaceutical companies provide 

r thC , hUman ^ Safc ^ studi « and P ^na P n« of 
resultt, but dtimarely ,t is the FDA that decides on the integSy of 
die data. The FDA has established specific guidelmeTEd 
Ph^ r r CeS " } t0 CnSUrC *» ^d«a Stained fronts 
SHE ^i^T " r VidC aCCUratC md rc,iab,e Nation 

*at US fZT^ s , r ^ raw data from 311 safct y studi « 

PermS CVM ^ ' ° f *** "* ^bmission 

SnTio J^M™** C ° COnfim ! ^ aCCUraC y of ** and 
concIusKjns. CVM scientists may also order data audits and inspec- 
ts of specie stud.es to aid in evaluating the adequacy of *e 

Human food safity requirements for protein products. With the advent of 
recombmant DNA techniques to product easily purified p^ s 1 
ange quananes, the investigation of protein produce for 2 £ 
food animals increased dramatically. The chemical nature b£ 
opcal activity, and potential for harmful residues are ben-Tunder- 
stood for protein products than for new chemical entities thTt a^e 
generally developed for use in food animals. The sdenSittraru^ 
Prov.des a good background for understanding the b otogi L e ffeS 

££T, P m ' and , knowI cdge about °f P-t s 

human gasrro.ntestinal tract provides information on Lir potent 

£17% Z T ^ FDA ' S " GuidclinC for ToxicSoS 
lesung" (4) provides for alternatives to the general tests onrliLn 

zTiz^rr* 7°™ ° f p~p^Sues°^ n t5 

possible biological effects of the compound, and the CVM hZ 
d = ed that these alternatives are more £^£%£ 

A determination of the potential for oral activity of the protein 

i^basT I T ^ ™ C d -g" of oral to* ™ 

studies ,s based on the known biological activity of the particular 
pmte.n, and the studies are generally conducted for at leas t^eeks 
S ^ ^ Cffectivc administered oZTy 

S t^rifT ^""^ ^ adc ° Uatt » 
cms act viry. If the imaal toxicity study demonstrates th ar rhr 

prote.n is mdeed orally active, additional tLng m^qulL If 

J protein product is biologically active in hunfans Ld wX used 

^m residue "f"™ 10 " from mc °'al toxicity test is coupled 

~ s ^siir to providc a -* f — f - 

coStitl^^T ^ $ f 17 ° f rbGH ' *<= FDA «* into 
•n adults and g na ^eof protcin di rion ^ abso 

Iwtn ho nCOnat "' thc cffcc « and mechanism of action of 
growth hormone, its effects on other growth factors and the 
P£m»l for biological and oral activity in humans. Sc'sidt 
ations are discussed below. wnsiaer- 



HumaiMod Safety Considerations 

Protein digesnon. Ingested rbGH would be expected to be de^H 
•n the human gastrointestinal tract in the same ma^nVr T, 1 

absorption and rate of intracellular hydrolysif In neo^l . 

nas t>ccn studied in several «:rv»ri/*c /jp\ tu «puut 

unacc in humans, this evdence rcli« ^r, 

presence of circulating antibodies to food protZ- however n 
adverse reactions have been observed in the majonty'of SSi" 
in response to protein absorption (11) ■ ^ 

aJolf'f filJ, " ttrm hUman nC ° natCS absorb 3 substanriallv greater 
e^iiv^d f£Z; P T? ^ ° ldCr Chi,dren - d adults f Si 
Sac vS^ r^ * C " CWly ^ infant » ^permeable to a 
large vanety of annbod.es administered in eolostrunVor milk U2) 
however, absorpt.on 0 f foreign proteins must iTpS^JiS 
^appearance of specific antiLies agS 

Sr^sure ^ i d T B ° f ^ P*™^ » prLns 
(gut ctosure) m the newborn has not been determined- but may 
occur before birth (14) or as long as 3 months after birth (14 

closure a ppcars to be quite variable J% 

pro^ab^Sfn^ ° f StUdiCS t0 dCtCm,inC * C CXKnt of 
protein absorption by human neonates demonstrate the complexity 

£ >^ bC " ,g $tUdied - A vari «y of fa«ors are invoS 

"o^an/neT ^/T" ^ ^ S eSta ^ ag" S 
neonate, and perhaps feeding regimen (14, 17-19). However uptake 

^cromolecules into intestinal epithelial cells does not a^t 
tZIT f m ^ m - K ™ nconaK *an in the^dult. 

SSS o ^ ara0U ? ,t , abS ° rbcd " °" ^ ° rdcr °f 1 : 1 WOO to 
1 .50,000 of the protein load given orally (//) 

Most protein and polypeptide drugs will have minimal activity at 
most, when adm.n.stered orally. However, it would be inapp opn : 

because ,t is a protem. For example, two polypeptide- releasing - 1 

SS*^* *TV kMda * a * factor W'a tnpepnd^ f 
and synthetic gonadotrop.n-releasing hormone (GnRH; a decapep- f 
□ae; cuspiay some oral activity (20) because of rlv-ir 
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^ , , . ° 1"" *wiw«mg normone (univH; a decaDep- 

wSht SP or a T me H 0ra K <20) bea » e ° f ™*2 

wcghts or the,r h.gh specfic activities, or both. The molecular 

weighn , of synthetic TRF and GnRH are approximT.yTso ^ 
2 C fS^^t: in — ' *e respective molecular 
duton" 1 arc a PP roxim ately 22,000 and 7,800 

levSr*e 'T 0ne - '"'.'I CffCCK ° f GH Can * considercd ^ two 
effet ?n ^r" r'" P roIlfcration and P™ein synthesis and the 
effects on metabolic factors (1, 21-26). In vivo and in vitro studies 
^ave demonstrated that GH exerts direct effects on some processes 
and ^inchrect effects, med.ated by insulin-like growth factors, on 

of o ec ^ > " S< T T UM GH m ^ fifSt inducc d '8erent,at,on 
of precursor ce k and then increase production of IGFs in the 
ditterennated cells, resulting in a mitogenic effect (22 27) The 
phys.olog.cal effects of GH are manifested ,n (i) anabolic effects 
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'(such .as, nitrogen accretion in gr^Jg animals and miik synthesis 
in lactating animals), (ii) effects c^^lectrolytes (phosphorus, sodi- 
um, potassium, and calcium), (iii) effects on carbohydrate metabo- 
lism, (iv) effects on lipid metabolism, and (v) growth of cartilage 
and bone. 



Bovine Growth Hormone: Human Food Safety 

The evaluation of the human food safety of bGH was based on 
several factors: bGH is biologically inactive in humans, rbGH is 
01 AW inactive, and rbGH and bGH are biologically indistinguish- 
able* 

Species specificity. On the basis of studies in the 1950s, it was 
a deluded that, although the physiological effects of GH could be 
d .nonstrated in animals, pituitary GH preparations from animals 
w re not effective in humans (24, 28, 29). GH derived from human 
c iavers is effective, but GH derived from bovine (30), ovine, whale 
( '), and porcine (32) pituitaries is ineffective in humans. Although 
t iH and human GH (hGH) both have 191 amino acids, the amino 
a d sequence differs by approximately 35% (33). A reflection of this 
c Ferencc is the demonstration that bGH does not compete with 
r iH for binding sites in membranes from human tissues, including 
1 er, indicating that bGH does not bind to GH receptors in human 
t sues (34). 

The finding that GH from nonprimatc species is ineffective in 
1 mans led to the application of the term "species-specific." Al- 
t ough it is apparent from animal studies that this terminology is 
i )t technically correct (for example, bGH is effective in rats), the 
t miinology has continued to be used with the understanding that it 
i. iplies a difference in sensitivity as one goes up the phylogenetic 
t.-e, with humans and monkeys being unresponsive to GH from 
i .wer species. 

Fragment activity. To obtain a more plentiful source of GH for 
human therapy, attempts were made to produce a growth factor 
from animal-derived GH that would be active in humans. Chymo- 
trypsinized bGH produced no anabolic or metabolic effects in 
patients (31). Limited tryptic digests of bGH retained some of the 
activity of intact bGH when administered parenterally to hypophy- 
scctomized rats (30, 35-37), but there was a progressive loss of 
growth-promoting activity in the rat as the number of hydrolyzed 
peptide bonds increased and a substantial reduction in activity when 
more than three bonds were split (38). Recombined fragments have 
approximately 10% of the activity of bGH in rats (37). In patients, 
parenteral administration of tryptic digests of bGH produced some 



of the metaboli^^kts seen after administration ot hGH. However, 
large doses we^^quired, and variable and opposite effects were 
observed (35, 39). 

Toxicity studies of bGH. On the basis of background information 
obtained from the scientific literature, studies were designed by the 
CVM to demonstrate further the human food safety of rbGH. 
Initially, each sponsoring company conducted an oral toxicity study 
with their particular rbGH product. The primary sequence of these 
products was either the same as or differed only slightly from 
pituitary-derived bGH, because of the recombinant DNA tech- 
niques used by each of the companies. Differences occur only at the 
NH 2 -terrninus end of the protein. American Cyanamid's rbGH 
product has three additional amino acids, Met-Asp-Gln. Eli Lilly & 
Company's (Elanco) product contains the following additional 
amino acids, Met- Phe- Pro- Leu- Asp- Asp- Asp- Asp- Lys. Monsanto 
Agricultural Company's product has a single amino acid substitu- 
tion of Met for Ala on the NH 2 - terminus end, and the Upjohn 
Company's product is identical to pituitary-derived bGH. 

Upjohn conducted a 26-day oral toxicity study in which normal 
rats were treated with rbGH at 0, 0.5, 5.0, or 50.0 mg/kg of body 
weight per day by gastric intubation; a separate group was given 
rbGH at 50 u,g/rat per day by subcutaneous injection (40). Mon- 
santo conducted two studies: a 28-day study in which normal rats 
were treated with rbGH at 0, 0.06, 0.6, or 6.0 mg/kg per day by 
gavagc (41) and a 90-day study in which normal rats were treated 
with rbGH at 0, 0. 1, 0.5, 5.0, or 50.0 mg/kg per day by gavage and 
a separate group was treated with 1 mg/kg per day by subcutaneous 
injection (42). American Cyanamid conducted at 15-day study in 
which normal rats were created with rbGH at 0, 0.1, 1.0, or 10.0 
mg/kg per day by gavage (43). Elanco conducted a 14-day study in 
which normal rats were given rbGH at 0, 0.05, 0.5, or 5.0 mg/kg 
per day by gavage and a separate group was treated with 6.1 mg/kg 
per day by subcutaneous injection (44). 

Each study met the FDA's minimum requirements of treating rats* 
with up to 100 times or more of the dose administered daily to dairy 
cattle on the basis of milligrams per kilogram of body weight and 
administration for at least 14 days. Therefore, the high dose chosen 
for each study varied according to the company's proposed dosage 
for treatment of dairy cattle. Negative results were obtained with 
oral administration of rbGH in all studies, and only the details of the 
study conducted for the longest duration will be presented here. The 
parameters examined in each study were comparable. 

In a 90-day oral toxicity study conducted by Monsanto, rats were 
treated with rbGH either by gavage or subcutaneous injection (42). 
Body weight and food consumption were determined weekly. In 



Table 1. Body weight changes (in grams) of ccmtrol rats and rbGH-treatcd rats (means ± SD). Charles River CD rats were treated for 90 days with rbGH ci- 
ther by gavage or by subcutaneous adrninistration. Groups of 30 rats per sex each were treated with rbGH orally by gavage; one group was ™ atc » Wlth rbGH 
by subcutaneous injection; and one group of animals served as untreated controls. From (42) with permission (^ ,no ° KA A 



)1989 Monsanto Agricultural Company. 



Body weight change (g) for dosage of rbGH (mg/kg per day) 



Study 
day 




Subcutaneous 




Oral 






0 


1.0 


0.1 


0.5 


5 


50 


8 
29 
50 
85 


58 ± 8.5 
170 ± 20.3 
239 ± 29.8 
324 ± 39.2 


72* ± 20.4 
207* ± 34.5 
294* ±44.8 
432* ± 60.3 


Males 
61 ± 11.9 
174 ±22.7 
240 ± 29.4 
327 ± 39.1 


62 ± 13.5 
178 ± 29.6 
241 ± 40.8 
318 ± 53.0 


62 ± 12.5 
181 ± 23.4 
239 ± 28.1 
325 ± 46.3 


59 ± 7.6 
176 ± 21.7 
243 ± 31.8 
328 ± 43.0 


8 
29 
50 
85 


24 ± 8.7 
81 ± 12.0 
110 ± 16.6 
148 ± 24.4 


33* ± 6.5 
101* ± 13.6 
150* ± 18.9 
217* ± 32.3 


Females 
21 ± 7.3 
69t ± 13.1 
99t ± 14.5 
140 ± 19.6 


25 ± 7.1 
80 ± 19.2 
116 ± 23.1 
152 ± 31.0 


25 ± 6.6 
81 ± 13.5 
112 ± 17.8 
147 ± 22.0 


25 ± 7.1 
83 ± 14.0 
114 ± 17.0 
152 ± 20.5 


*Rank augmented 


t test (protected) significant at the 0.1% level. 


tRank augmented t test (protected) 


significant at the 1% level. 
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Table 2. Absolute organ weights (in grams) in control rats and rbGH-treated rats (means ± SD). Charles River CD rats (n = 30 rats per sex) were treated for ^ 
90 davs "with rbGH cither by gavage or by subcutaneous administrations, and one group of animals served as untreated controls. From {42) with permission T 
© 1989 Monsanto Agricultural Company. ^ 



Absolute organ weight (g) for dosage of rbGH (mg/kg per day) 



Organ 



Subcutaneous 
1.0 



Oral 



0.1 



0.5 



5.0 



50.0 



Kidneys 


3.677 




0.30 


Liver 


16.549 




3.00 


Heart 


1.726 




0.51 


Spleen 


0.912 




0.11 


Kidneys 


2.067 




0.22 


Liver 


8.637 




0.88 


Heart' 


1.041 




0.07 


Spleen 


0.585 




0.13 



4.188* ± 0.06 
20.364* ± 2.22 
1.941* ±0.15 
1.274* ± 0.21 

2.464* ± 0.20 
11.146* ± 1.43 
1.215* ±0.11 
0.855* ± 0.10 



3.178 
15.614 
1.645 
0.910 

2.040 
8.302 
1.061 
0.601 



Males 
± 0.06 
± 1.47 
± 0.16 
± 0.11 
Females 
± 0.10 
± 0.57 
± 0.06 
± 0.09 



3.695 ±0.09 
15.740 ± 1.39 
1.608 ±0.15 
1.0511 ± 0.18 

2.170 ±0.20 
8.754 ± 1.00 
1.101 ±0.09 
0.663t ± 0.12 



3.540 ± 0.03 
15.993 ± 1.94 
1.618 ± 0.14 
0.987 ±0.16 

2.102 ±0.22 
8.446 ± 0.92 
1.034 ± 0.09 
0.630 ±0.10 



3.544 ± 0.05 
15.098t ± 2.21 ~ 
1.640 ± 0.17 1 
1.002 ±0.17 2 



2.025 
8.297 
1.070 
0.608 



± 0.14 J 
±0.84 ' 
± 0.20 * 
± 0.09 J 



•Rank augmented t test (protected) significant at the 0.1% level. tRank augmented t test (protected) significant at the 5% level. 



addition, blood samples were collected for extensive clinical chemis- 
try and hematology examinations, and urinalysis parameters were 
determined. Gross pathology and microscopic examination of tis- 
sues were conducted on all animals at the termination of the study 

There were no treatment- related deaths or clinical findings. A 
marked increase in body weight gain and feed consumption was 
observed from week 2 throughout the treatment phase for rats given 
subcutaneous injections; differences in mean body weights reached 
16% in males and 20% in females by study week 13, compared to 
the negative control group. Body weights were unchanged after oral 
administration of rbGH (Table 1). An increase in absolute organ 
weights accompanied the change in body weight in rats treated with 
rbGH subcutaneously (Table 2). Heart, liver, kidney, and spleen 
weights increased in both sexes, and in addition, adrenal weight in 
males and thymus and ovary weights in females increased (42). In 
contrast, there were no biologically significant increases in organ 
weights for rats given rbGH orally. Absolute spleen weight in- 
creased for males and females given rbGH orally at 0.5 mg/kg per 
day; however, the increase was not dose-related and was most likely 
an incidental finding. In rats treated subcutaneously, ratios of organ 
weight to body weight were increased for spleen and adrenal and 
decreased for testes in male rats, and increased for heart and spleen 
and decreased for brain in the female rats. In contrast, increases in 
ratios of organ weight to body weight were sporadic in the rats 
administered rbGH orally and were not treatment-related. 

No toxicologically significant changes were noted in the clinical 
chemistry, hematology, or urinalysis parameters determined in rats 
administered rbGH orally. Significant changes in clinical chemistry 
and hematology parameters occurred only in the group that received 
rbGH by subcutaneous injection (42). 

Pharmacokinetics of rbGH. There were no statistically significant 
differences in the distribution half-lives, terminal distribution half- 
lives, total body clearances, and volumes of distribution between 
rMet-bGH and a recombinant, naturally occurring variant, rAla- 
Val-bGH, in lactating Holstein cows (46). These results indicate 
that the body does not treat rMet-bGH as a protein distinct from a 
naturally occurring bGH variant. Similar results have been obtained 
in another study in which two recombinant forms of hGH were 
found to have equivalent potency and pharmacokinetics in cynomol- 
gus monkeys (41), One recombinant form had an amino acid 
sequence identical to that of the natural pituitary hormone and the 
other form had an additional NH 2 -terminal methionine. 

Residue studies of bGH. Residue studies are not normally required 
for protein products unless: (i) the protein is orally active and a safe 
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concentration is required, (ii) no adequate biological end point cari^ 
be determined for toxicological testing, or (iii) the product will be ; 
used in lactating food animals and has the potential for biological * 
activity in humans. For rbGH, none of the three exceptions applies; # 
therefore, residue testing is not required. Although rbGH residue w 
studies are not significant for human food safety considerations,^ 
some studies have been conducted to determine if bGH concentra- % 
tions are increased in the milk of rbGH-treated cows. The analytical ^ 
methods used by the pharmaceutical companies to determine the 
amount of bGH in the milk were exclusively radioimmunoassay 
(RIA) procedures. Each company developed its own RIA proce- 
dure; none of these procedures could distinguish between the 
pituitary-derived bGH and rbGH product. 

American Cyanamid conducted two studies (48). In the first % 
study, milk from 22 control cows and 27 cows receiving daily ^ 
injections of 37.5 mg of rbGH (approximately three times the j 
proposed dose) was assayed for bGH. In the control group, 21 of ^ 
the 22 cows had detectable levels (>1.0 ng/ml) of bGH in their milk | 
ranging from LI to 1.7 ng/ml. Concentrations of bGH in the milk * 
from the treated cows ranged from 1.1 to 2.1 ng/ml. The average 
bGH concentrations in the milk of control cows and rbGH-treated"^ 
cows were 1.3 and 1.4 ng/ml, respectively. In the second study, ^ 
similar results were obtained with 12 cows in which the bGH 
concentrations in the rbGH-treated cows were in the same range as ^ 
in the untreated cows. ^ 

Groenewegcn et al. (49) conducted a study with three untreated ^ 
cows and three cows treated with 10.6 mg of rbGH per day 
(approximately the proposed dose) beginning at 28 days postpar- 
tum. When comparing the milk samples collected from both groups, 
they found that levels (mean ± SEM) of bGH in milk from rbGH- ? 
treated cows (4.2 ±1.9 ng/ml) were not significandy different from 
those found in nontreated cows (3.3 ± 1.7 ng/ml) (P > 0.05). 

Although these very limited studies suggest that milk concentra- Z 
tions of bGH do not increase significantly as a result of the 
treatment of dairy cows with rbGH at the proposed doses, the need 
to pursue more definitive studies has already been stated as unneces- 
sary because bGH is biologically inactive in humans and orally 
inactive. Additionally, it has also been determined that at least 90% 
of bGH activity is destroyed upon pasteurization of milk (47). 
Therefore, bGH residues do not present a human food safer)' 
concern. 

Effects of rbGH treatment of cows on milk composition. The effects of 
rbGH treatment on the major components of milk, when present, 
are minor and primarily occur early in the treatment period before 
the cow's intake of dry matter is adjusted. Milk composition of 

SCIENCE, VOL. 249 



i 



created cows is well within the normal variation observed during the 
course of a lactation. Changes in milk fat and protein composition 
depend on the cow's energy and nitrogen balances, respectively, and 
generally are temporary effects. The principal carbohydrate in milk, 
lactose, is not altered by rbGH treatment, and there are no 
consistent changes in the milk content of calcium, phosphorus and 
other minerals, or several vitamins (7, JO). Thus, rbGH treatment 
appears to have no significant impact on the nutritional quality of 
milk. 



In Jin-Like Growth Factors (IGFs) 
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ause it is known that IGFs mediate many of the effects of GH 
oncentrations of IGFs are regulated by GH (57-53), the FDA 
lered it important to determine the potential impact of IGFs 
e human food safety of rbGH. Two main types of IGFs have 
defined by their structural and immunological properties and 
ror activity (52): IGF- 1, a 70-amino acid polypeptide, which is 
cal to somatomedin-C (54), and IGF-II, a 67-amino acid 
eptide. IGF-I was chosen as the sole representative of growth 
s influenced by GH, because it is the major factor mediating 
Fects of GH and is more potent than IGF-II. Several reviews 
been published on the biological actions of IGFs (23, 53, 55, 



cause production of IGFs was initially thought to be primarily 
e liver, IGFs were believed to act solely by an endocrine 
anism, producing their effects at a site distant from its produc- 
However, a study by D'Ercole et al. (57) demonstrated that 
cha :,cs in tissue concentrations consistently preceded changes in 
sen i IGF-I after injection of GH, and on this basis it was 
poi ilated that IGF-I may also exert its biological effects by an 
aut ;rine or paracrine mechanism. Later work confirmed that local 
pro uction of IGFs appears to be important for producing cellular 
effe-cs (58). 

The IGFs have acute metabolic and long-term, growth-promot- 
ing effects. In vivo, bolus injections of IGF-I and IGF-II cause 
insulin- like effects on glucose homeostasis and metabolism, but have 
no effect on lipid synthesis (59). The fact that IGF-I exerts its long- 
term growth- promoting effect only when it is administered by 
subcutaneous infusion, but not when it is administered daily by 
intravenous or subcutaneous injection (50), reinforces the theory 
that IGFs act as local growth factors rather than as circulating 



mediators of GH effects. Studies in rats demonstrated that infusion 
of IGF-I causes a dose-dependent increase in body weight, tibial 
epiphyseal width, and thymidine incorporating activity. However, 
IGF-II has no effect on body weight and is three times less potent 
than IGF-I when the other two growth parameters are examined 
(55, 61). 

Serum IGF-I levels in normal humans are lowest in umbilical cord 
blood (0.33 U/ml) and increase during the first 2 to 4 years (0.4 to 
0.85 U/ml) (57, 62). Serum levels of IGF-I in adults are in the range 
of 1.1 to 1.5 U/ml (57) or 200 ng/ml (52), and plasma levels of IGF- 
II of approximately 650 ng/ml have been reported in adults. The 
plasma levels of IGF-I are highest in 12-year-old girls and 14-year- 
old boys, with concentrations reaching two- to threefold those in 
adults (52). The age-dependent pattern for IGF-II concentrations 
appears to be different from the pattern for IGF-I. Levels at birth are 
low but reach almost the normal adult levels in the 1 -year-old child 
(62). 

Human milk concentrations of IGF-I were measured during the 
first 9 days postpartum (63). The mean IGF-I concentration was 
17.6 ng/ml at 1 day postpartum, 12.8 ng/ml at 2 days postpartum, 
and 6.8 ng/ml at 3 days postpartum. After 3 days postpartum, the ' 
IGF-I concentration stabilized over the following week at 7 to 8 
ng/ml. In a later study (64), IGF-I concentrations in human milk 
were measured and ranged between 13 and 40 ng/ml at 6 to 8 weeks 
postpartum with a mean of 19 ng/ml. 



■I: Human Food 



Insulin-Like Growth Factor- 
Safety 

Although a variety of growth factors may have specific effects on 
cells and cellular metabolism, IGF-I is the main factor known to be 
regulated by GH. Human and bovine IGF-I are identical (65), but 
treating dairy cattle with rbGH was not expected to cause an 
increase in IGF-I concentrations of biological significance to hu- 
mans. This perception was based on the mechanism of action of 
IGF-I, the concentration of IGF-I found in human milk, preliminary 
information on the concentration of IGF-I in milk of rbGH-treated 
cows, the way in which milk is processed for infant formula, and our 
knowledge of protein absorption and digestion in adults and 
neonates. However, because of the general lack of information in the 
scientific literature regarding the oral activity of IGF-I, the CVM 
decided to obtain more information. 



Table 3. Absolute organ weights [in grams except heart and spleen (in milligrams)] in hypophysectomized rats treated with rIGF-I (means ± SEM). Six 
groups of rats, approximately 6 to 7 weeks of age* were treated with rIGF-I for 2 weeks according to the following regimen: One group was given a saline 
control; another was given BSA (bovine scrum albumin) as a negative "oral protein"* control; additional groups were given rIGF-I by gavage and another 
group was given rIFG-I via a subcutaneously (s.c.) implanted osmotic minipump as a positive control. All groups contained 20 rats per sex except for the sub- 
cutaneously implanted group, which contained 10 rats per sex. Rats were treated for either 17 days by gavage or 15 days by continuous subcutaneous 
mrusion. From (66) with permission ©1989 Eli Lilly & Company. 

Absolute organ weight for dosage of BSA or rIGF-I (mg/kg per day) 



Organ 




Oral BSA 




Oral rIGF-I 




S.c infusion rIGF-I 




0 


1.0 


0.01 


0.1 


1.0 


1.0 


Kidneys 
Uvcr 
Heart 
Spleen 


0.564 ± 0.01 
2.925 ± 0.08 
279.6 ± 6.3 
147.6 ± 8.8 


0.556 ± 0.01 
2.993 ± 0.08 
287.0 ± 5.9 
151.3 ± 8.6 


Males 
0.593 ± 0.01 
3.048 ± 0.06 
280.2 ± 4.4 
147.2 ± 5.7 


0.583 ± 0.01 
3.051 ± 0.10 
290.0 ± 4.6 
149.6 ± 5.8 


0.575 ± 0.01 
2.867 ± 0.10 
267.6 ± 6.3 
1471 ±6.6 


0.720 ± 0.02* 
3.085 ± 0.19 
303.0 ± 14.4 
239.6 ± 17.9* 


Kidneys 
Uvcr * 
Heart 
Spleen 


0.545 ± 0.01 
2.742 ± 0.07 
274.3 ± 71 
132.2 ± 3.6 


0.567 ± 0.01 
2.795 ± 0.09 
272.3 ± 6.7 
137.1 ±4.0 


Females 
0.558 ± 0.01 
2.747 ± 0.06 
263.3 ± 72 
1275 ± 5.2 


0.560 ± 0.01 
2.790 ± 0.08 
270.8 ± 7.1 
134.4 ± 2.6 


0.538 ± 0.01 
2.571 ± 0.07 
261.8 ± 7.7 
137.2 ± 5.1 


0.716 ± 0.01* 
3.069 ± 0.12* 
302.3 ± 9.2 
231.6 ± 5.3* 



'Signitkandy different from control (P < 0.05); Dunnctr's two-tailed t test. 
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(s.c.) routes of administration. Rats were treated with IGF-I l» c4EEa^^iS£^ "T* (ot « ava 8 e ind subcutaneous 

.nfus.on (osmotic pump). The last group was treated with alanyl r*,rcinTGH by tafolS^S * adm,nistrarion of IGF-I by subcutaneous 

with a known growth promotam. All groups contained 20 rats Jr . so "and wm n^^^J™, r , Wa ! 3 P 05 "™ «»trol group for growth effects 
Monsanto Agricultural Company. * ^ ^ratspe rsex and were treated for a penod of at least 2 weeks. From (67) wi^perrrSsion © 1989 



Body weight gain (g) for a dosage of rIGF-I or pGH 



Oral rIGF-I (mg/kg per day) 



S.c. infusion rIGF-I (mg/rat per day) 



0.02 



0.2 



20 0 0.05 

Mates 



7.29,0.137 8.03 ,0.137 7.81 * 0.137 8.34 ,0.137. 7.61 * 0.137 8.18,0.137 t 
4.04 , 0.138 3.71 ,0.138 3.92 , 0.138 4.13 , 0.138 ^, 0.138 3.96 , 0.138 
♦Significant* Cerent fion, conao. <P S 0.05). fSignificandy aft™ ft™ cooool (P S 0.01); Duanetfs two-ail* , «. 



0.2 

8.68 , 0.137t 
4.83 , 0.138t 



S.c. infusion pGH 
(mg/rat per day) 

4.0 

10.08 ± 0.137t 
8.37,0.138t" 



Toxicity studies of ICF-I. Elanco (66) and Monsanto (67) have 
conducted toxicity studies to determine whether IGF-I is active 
when administered orally. Both IGF-I oral toxicity studies are 
described in detail because they were conducted in different models, 
namely, hypophysectomized and normal rats. The IGF-I adminis- 
tered to the rats in both studies was a recombinant product with an 
identical sequence to the natural IGF-I. 

Elanco conducted a 2-wcek oral toxicity study with rIGF-I in 
hypophysectomized rats (66). Rats were treated with rIGF-I at 0 01 
0.1, or 1.0 mg/kg per day by gavage (LD, MD, and HD, respective- 
ly) or at 1.0 mg/kg per day by subcutaneous infusion (s.c. group). 
There were also two negative control groups; one given saline and 
the other given bovine scrum albumin (BSA) by gavage. 

There were no treatment-related deaths or clinical signs. Mean 
body w C1 ght and mean body weight gain for the s.c. group were 
significandy higher than those for the negative controls, starting on 
day 3 and continuing throughout the study. At termination, body 
weights of the males and females in the s.c. group were 15 and 12% 
greater than those of controls, respectively. Body weight gain of 
female rats in the LD oral group was significantly lower than that for 
controls. The mean body weights and body weight gains in all other 
groups were not statistically different from those of the control 
group (P > 0.05) (66). 

No treatment-related changes in the hematological parameters 
were observed in any of the groups. A moderate increase (approxi- 
mately twofold) in absolute neutrophil values was seen in the s c 
group animals which may reflect the mild irritation associated with 
the subcutaneous minipump implant. Statistically significant 
changes in clinical chemistry parameters were generally limited to 
rats in the s.c. group and included dccreasS'in blood urea nitrogen 
(BUN), creatinine, albumin, total protein, and globulin and in- 
creases in inorganic phosphorus and potassium. The only difference 
noted in rats treated by oral administration of rIGF-I was a 
biologically insignificant decrease in total protein in the HD males 
The only statistically significant differences in organ weights 
compared to controls were found in the s.c. group and included 
increased kidney, spleen, adrenal, and brain weights in males, and 
kidney, liver, and spleen weights in females (Table 3) (45 66) 
Increases in relative organ weights included kidney weight in LD 
fcma cs, and kidney, spleen, and brain weights in the males and 
females of the s.c. group. Relative thyroid and parathyroid weight 
was decreased in MD males. None of the organ weight changes were 
accompanied by gross or microscopic changes. There were no 
compound-related changes in organ weights of animals treated with 
rtOF-I by gavage. 

The results of this study (66) demonstrated that subcutaneous 
infusion of rIGF-I in hypophyscaomized rats caused increased body 
88o 



weight; increased neutrophil count; decreased BUN, creatinine, and 
albumin; and increased relative kidney and spleen weights in both 
males and females. These changes are attributed to the physiologic 
effects of IGF-I. In contrast, oral treatment with rIGF-I at doses up 
to 1 mg/kg per day caused none of the changes seen in the rats 
treated subcutaneously. 

A 2-wcek oral toxicity study with normal rats was conducted for 
Monsanto Agricultural Company by Hazlcton Laboratories (67). 
Rats were treated with rIGF-I at 0.02, 0.2, or 2.0 mg/kg per day by 
gavage (LD, MD, and HD, respectively), or at 0.05 or 02 mg/rat 
per day by subcutaneous infusion (LD and HD s.c groups 
respectively). A negative control was included for each route of 
admirustraoon, and one group was treated with alanyl porcine GH 
as a positive control (pGH-treatcd group). Treatment was initiated 
on two consecutive days to accommodate the large number of rats to 
be implanted with osmotic pumps. The study was planned in blocks 
of rats so that all treatments were equally represented on each start 
date. Body weights were recorded twice weekly, and food consump- 
tion was recorded weekly. 

All rats survived until the termination of the study, and no 
compound-related clinical signs were seen. A significant increase in 
body weight was seen throughout the study in males of the LD s c 
group and in both sexes of the HD s.c. and pGH-treatcd groups 
(Table 4). These findings were considered to be treatment-related. 

The mean body weight for males in the HD oral group was 
slightly but significantly increased from day 7 of the study; average 
daily gain was also significandy increased. There was no significant 
increase in average daily gain in any of the males in the other gavage 
groups or in any of the females. When examined by block, it 
appeared that there was an increase in average daily gain only in the 
male rats of the HD oral group of block 2 (8.41 g/day versus 7.74 
g/day for controls) and not in block 1 (8.27 g/day versus 8. 10 g/day 
for controls). It is therefore questionable whether the overall 
increase in body weight in males of the HD oral group can be 
attributed to treatment with rIGF-I. 

Significant changes in hematology, clinical chemistry, and urinal- 
ysis parameters were noted in both sexes of pGH-treatcd group (67). 
There was a slight but significant decrease in erythrocyte count, 
hemoglobin, and hematocrit, and a significandy increased platelet 
count in the females. Evaluation of the clinical chemistry data for 
this group revealed significandy increased total scrum protein, 
scrum albumin, albumin/globulin ratio, calcium, and total bilirubin, 
and significantly decreased chloride in both sexes. Males also 
showed a significant increase in creatinine and decrease in inorganic 
phosphorus and sodium. Females showed a significant decrease in 
aspartate transaminase. Urinalysis revealed a significant increase in 
urine osmolality for both sexes. 
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In contrast to the rats in the pGlWeated group, rats receiving 
rIGF-I via osmotic minipump showed minimal changes and those 
only at the high dose. Platelet count and BUN decreased significant- 
ly in both sexes, and creatinine decreased significandy in females. 
The only significant change noted in rats treated with rIGF-I by 
savage was a slight decrease in hemoglobin for the females in the 
MD oral group without concomitant changes in erythrocyte count 
or hematocrit. No significant changes were seen in the HD oral 
»:roup rats. The decrease in hemoglobin is not considered to be 
t -eatment- related . 
Gross pathology revealed no notable differences between control 
nd treated groups. In the pGH- treated group, significant increases 
ere observed in adrenal (67), heart, spleen, kidney, and liver 
eights in both sexes (Table 5), and in brain (with brainstem) and 
vary weights in females (67). In the HD s.c. group, significant 
^creases were observed in kidney and heart weights of males and 
males and in adrenal and brain with brainstem weights in females; 
/er weight increased and testes weights decreased in males. The 
ily organ weight changes noted in LD s.c. group were increases in 
dncy and liver weights in males. Liver weights of the HD oral 
roup males were increased. No other statistically significant organ 
eight changes were noted for the other animals treated with rIGF-I 
y gavage (P > 0.05). 

Changes noted in relative organ weights (67) are as follows: the 
GH-treated group showed an increase in heart and liver weights 
.id a decrease in relative brain weight for both sexes; an increase in 
drenal and kidney weights and a decrease in relative testicular 
eight in males; and an increase in relative spleen weight and a 
ecrcase in relative ovary weight in females. The HD s.c. group 
liowed an increase in kidney weight and a decrease in brain weight 
or both sexes, a decrease in relative testicular weight in males and an 
ncreasc in relative spleen weight in females. The LD s.c. group showed 
jnly a decrease in relative brain weight in males. The only organ 
.veight change noted in the rats treated with rIGF-I by gavage was an 
increase in the relative heart weight for males in the LD oral group. 

Epiphyseal widths were increased in females of the HD s.c. group 
and both sexes of the pGH-treated group. Tibia lengths were 



increased in thei^R.c. group males and both sexes of the pGH- 
treated group. In the groups treated with rIGF-I by gavage, 
epiphyseal widths were decreased in both sexes of the HD group 
and tibia lengths were increased in the LD and HD group males. 
These findings (67) in the oral groups arc considered contradictory 
in terms of effects of IGFs on growth indices and are therefore 
considered to be sporadic results. 

The results of this study (67) demonstrate that subcutaneous 
infusion of rIGF-I in rats produces effects similar to those seen with 
subcutaneously injected GH. When administered orally, rIGF-I had 
no effect. Body weights of male rats given the high dose of rIGF-I by 
oral gavage showed a statistically significant increase. However, this 
increase was considered incidental because it occurred in only half of 
the male rats, the body weight of the female rats in the HD gavage 
group did not increase, serum levels of IGF- 1 were not increased in 
the HD animals as they were in the positive control groups, and 
there were no changes in hematology, clinical chemistry and urinaly- 
sis parameters, or organ weights that were consistent with the effects 
of GH or IGF-I, as observed in the positive control groups. 
Therefore, it was concluded that rIGF-I is orally inactive at doses up 
to 2 mg/kg per day. 

Residue studies of IGF-l. Several companies conducted studies to 
determine the concentration of IGF-I in the milk of rbGH-trcated 
and untreated cows. The analytical methods used by the companies 
arc exclusively RJA procedures that putatively measure free IGF-I 
plus IGF-I bound to carrier proteins. Bound IGF-I is liberated by an 
acid-ethanol extraction step. Each company developed its own RIA 
and submitted the procedure to FDA for evaluation. 

The survey of 100 raw bulk tank milk samples from a commercial 
processing plant was conducted to provide data on the naturally 
occurring range of IGF-I concentrations in salable milk (68). The 
mean IGF-I concentration (± SD) in these samples was 
4.32 ± 1.09 ng/ml with a range of 1.27 to 8.10 ng/ml (Fig. 1). 

The range of IGF-I concentrations was also determined in salable 
milk from 408 untreated cows from five Missouri dairy herds (69). 
The highest mean concentration of IGF-I in milk was detected in 
early lactation (days 6 to 15 postpartum, 6.2 ng/ml), after which 



Table 5. Least square mean absolute organ weights (grams), tibia lengths (millimeters), and epiphyseal widths (millimeters) in control rats and rats treated 
with rIGF-I (± SEM). Male and female rats, approximately 36 days old, were treated with rIGF-I for 2 weeks according to the following regimen: two 
groups served as negative control groups for the gavage and subcutaneous routes of administration. Two groups of rats served as positive control groups with 
administration of IGF-I by subcutaneous infusion (osmotic pump). The last group was treated with alanyl porcine GH (pGH) by subcutaneous infusion and 
was a positive control group for growth effects with a known growth promotant. All groups contained 20 rats per sex and were treated for a period of at least 
2 weeks. From (67) with permission ©1989 Monsanto Agricultural Company. 



Growth measurements for a dosage of rIGF-I or pGH 



Organ 



Oral rIGF-I (mg/kg per day) 



0.02 



0.2 



2.0 



S.c. infusion rIGF-I (mg/rat per day) 



0.05 



0.2 



S.c. infusion pGH 
(mg/rat per day) 



4.0 



Heart 
Spleen 
Kidney 
Liver 

Epiphyseal width 
Tibia length 

Heart 
Spleen 
Kidney 
Liver 

Epiphyseal width 
Tibia length 



1.01 : 
0.59 : 
2.40 : 
8.07: 
0.42 : 
36.1 : 

0.72 : 
0.40 : 
1.66 : 
5.74 : 
0.32 : 
34.0 : 



0.02 
0.02 
0.05 
0.14 
0.01 
0.19 

0.02 
0.01 
0.03 
0.12 
0.01 
0.17 



1.06: 
0.60: 
2.41 : 
8.46: 



0.02 
0.02 
0.05 
0.14 



1.01 : 
0.59: 
2.31 : 
8.12 : 



0.02 
0.02 
0.05 
0.14 



36.9 ± 0.19f 36.51 ± 0.19 



0.71 
0.43 
1.53 
5.64 



0.02 
: 0.01 
: 0.03 
: 0.12 



0.71 : 
0.40 : 
1.61 : 
5.52 : 



: 0.02 
: 0.01 
0.03 
: 0.12 



33.8 ± 0.17 33.7 ±0.17 



1.03 
0.64 
2.39 
8.59 
0.38 
36.9 

0.73 
0.42 
1.62 
5.78 
0.27 
33.8 



Males 
± 0.02 
±0.02 
±0.05 
± 0.14* 
± O.Olt 
±0.19t 

Females 
± 0.02 
± 0.01 
± 0.03 
± 0.12 
± O.Olt 
± 0.17 



0.99 : 
0.62 : 
2.21 : 
7.62 : 
0.41 : 
35.7 : 

0.70 : 
0.42 : 
1,65 : 
5.60: 
0.30 : 
33.4 : 



0.02 
0.02 
0.04 
: 0.14 
: 0.01 
: 0.17 

: 0.02 
: 0.02 
: 0.04 
: 0.13 
: 0.01 
:0.16 



1.00 : 
0.63 : 
2.35 : 
8.10 : 



0.02 
0.02 
0.04* 
0.14* 



36.5 ±0.17t 



0.70 : 
0.43 : 
1.60 : 
5.57 : 



0.02 
0.02 
0.04 
0.13 



33.4 ± 0.16 



1.05 




0.02* 


1.28 




0.02t 


0.69 




0.02 


0.70 


± 


0.02* 


2.45 




0.04t 


2.63 




0.04t 


8.19 




0.14t 


11.98 




0.14t 


0.41 




0.01 


0.45 




O.Olt 


35.9 


± 


0.17 


36.3 




0.1 7t 


0.77 




0.02t 


0.99 




0.02t 


0.53 


± 


0.02t 


0.62 




0.02t 


1.84 




0.04t 


2.24 




0.04t 


5.96 




0.13t 


10.16 




0.13t 


0.33 




0.01* 


0.41 




O.Olt 


33.6 


± 


0.16 


34.8 




0.16t 



•Significantly different from control (P s 0.05). 
where data arc not presented. 



tSignificantly different from control (P s 0.01); Dunnett's rwo-tailed t test. Epiphyseal widths were not measured in groups 
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Fig. 1. The distribution of 
IGF-I concentrations in 
untreated cows in a survey 
of 100 raw bulk tank milk 
samples collected from a 
commercial processing 
plant. 



23456789 
IGF-I (ng/ml) 



milk concentrations declined. Multiparous animals had significantly 
t higher mean milk IGF-I concentrations (2.83 ng/ml) than primipa- 
rous (first lactation) animals (2.15 ng/ml). Stage of lactation effects 
were detected in both parities, and the effect of parity was apparent 
at all stages of lactation. The survey studies determined that the 
concentration of IGF-I in milk of untreated cows is quite variable, 
ranging from <0.7 to 8.2 ng/ml in 95% of the cows with a 
maximum of 30.5 ng/ml, depending on parity and stage of lactation 
of the cow. 

Schams and Karg (70) investigated the increase in IGF-I concen- 
trations in the milk of cows treated with rbGH. In the first 
experiment, eight cows (four controls and four treated) of different 
breeds were injected subcutaneously with 640 mg of rbGH in a 
prolonged release formulation every 28 days (approximately the 
proposed dose). Milk samples were collected in the morning before 
the third injection and after on days 1, 3, 6, 8, 10, 13, 15, 17, 20, 
22, 24, and 27 and after the fourth injection of rbGH on days 1, 3, 
6, 8, 10, and 13. Mean amounts of IGF-I in the milk of treated cows 
were always higher than those found in the controls. The average 
IGF-I milk concentration found in the control cows was 28.4 ng/ml, 
and the average IGF-I milk concentration in the rbGH-treated cows 
was 35.5 ng/ml, representing an increase of 25% of the mean. 

In another study conducted for Elanco (7/), 36 cows that had 
completed at least one full lactation were given a single subcutane- 
ous injection of 0, 320, or 640 mg of rbGH (12 cows per group). 
The concentration (mean ± SEM) of IGF-I in milk was significandy 
higher by day 3 in cows treated with 320 mg of rbGH (13.9 ± 1.35 
ng/ml) than in the control cows (9.5 ±1.35 ng/ml) (P < 0.05, 
protected t test), but not in those cows treated with 640 mg of 
rbGH (12.6 ± 1.41 ng/ml) (P > 0.05, protected t test). The values 
at 10, 17, and 24 days after treatment were also not significantly 
different for any of the groups (P > 0.05, protected t test). 

White et al (72) conducted a study to^providc additional data 
about the effect of exogenous administration of rbGH on concentra- 
tions of IGF-I in milk. Eighteen lactating cows were adrriinistered 
subcutaneous injections of 500 mg of rbGH in a prolonged release 
formulation (approximately the proposed dose) or a sham injection 
at 14-day intervals (9 cows per group). IGF-I concentrations in milk 
were significandy increased in rbGH-treated cows, although the 
increases were numerically small and occurred only in injection cycles 2 
and 3 of treatment (Table 6). The overall range of concentrations was 
similar for both groups: 2. 16 to 9.04 ng/ml for the control group and 
1.56 to 8.83 ng/ml for the rbGH treatment group. 

Miller et al (73) zsscsscd the potential carryover of IGF-I in 
processed milk. IGF-I concentrations were measured in raw and 
pasteurized milk and in milk subjected to conditions similar to those 
used in the preparation of infant formula. Daily milk samples were 
obtained before and after pasteurization from a local commercial 
processing plant. The milk was pasteurized by standard procedures. 
Conditions used to process milk for infant formula (hearing in a 
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Table 6. Least ^^res means for the natural logarithm of and actual milk 
IGF-I concentrations and the numerical range of IGF-I concentrations after 
subcutaneous administration of 500 mg of rbGH every 14 days in a 
prolonged-release formulation. From (72) with permission ©1989 Mon- 
santo Agricultural Company. 

Milk IGF-I concentration (ng/ml) 



Sample 


Treatment 


U I \_AjillCniI «i 

tion* (±SEM) 


Antiiog 
meant 


Range 


Pretreatment 


Control 


1.62 ±0.11 


5.05 


3.01-9.04 




500 mg rbGH 


1.37 ±0.11 


3.95 


0.84-7.53 


Day 7 


Control 


1.15 ±0.08 


3.17 


2.85-4.29 




500 mg rbGH 


1.25 ±0.07 


3.50 


1.56-7.05 


Day 21 


Control 


1.21 ±0.14 


3.34 


2.04-5.79 




500 mg rbGH 


1.67* ± 0.14 


5.33* 


2.67-8.83 


Day 35 


Control 


1.21 ±0.11 


3.35 


2. 16-8. 15 " 




, 500 mg rbGH 


1.54* ±0.11 


4.68* 


3.23-7.38 



•Least squares means ± SEM of least squares means. tAntilog of the log 
concentration. t These means are significandy different from the control values ( P < 
0.05). v 

Table 7. The effect of 500 mg of rbGH administered intramuscularly (i.m ) 
or subcutaneously (s.c.) on milk concentrations of IGF-I and IGF-1I (least 
squares means ± SEM). From (74) with permission ©1989 Monsanto 
Agricultural Company. 



Sampling 
period 


Primiparous 
cows 


Multiparous 
cows 




Milk IGF-I concentration (ng/ml) 




Overall cycle 1-10 




Control 


3.5 ±0.67 


3.9 ±0.39 


I.m. 


5.9* ± 0.59 


5.9* ± 0.37 


S.c. 


6.1* ± 0.60 


5.6* ± 0.39 




Milk IGF-II concentration (ng/ml) 


• l 


Overall cycle 1-10 




Control 


106.6 ±9.11 ' 


97.8 ±621 


I.m. 


116.3 ±8.47 


107.2 ±5.99 


Sx. 


116.4 ±8.36 


94.5 ± 5.95 



*Thcsc means are significandy different from the control values (P < 0.05, protected i 



retort at 250°F for 15 min) can be simulated in the laboratory. Raw 
(unpasteurized) and pasteurized milk samples were autoclaved 
under conditions simulating retorting and then assayed for IGF-I 
content. These results were then compared to IGF-I concentrations 
measured in a commercial infant formula. The mean (±SEM) IGF-I 
concentrations in raw milk and pasteurized milk samples were 
5.6 ± 0.56 and 8.2 ± 0.35 ng/ml, respectively. These same samples 
exposed to the heat treatment process for manufacturing infant 
formula contained concentrations of IGF-I of approximately 0.5 
ng/ml and lower. The commercial infant formula also contained only 
trace amounts (approximately 0.7 ng/ml) of IGF-L These results 
suggest that IGF-I is not destroyed by the pasteurization process, 
but the hearing of milk for the preparation of infant formula 
denatures IGF-I, with only one- tenth of the concentration of the 
milk before heat treatment. 

Although the pharmaceutical companies were not required to 
conduct studies with IGF-II, Monsanto conducted a study of milk 
residues to determine if IGF-II concentrations increased in rbGH- 
treated cows (74). Sixty-four lactating Holstein cows (21 primipa- 
rous and 43 multiparous) were used in the study; they received 
either 500 mg of rbGH in an oil-based prolonged- release formula- 
tion (approximately the proposed dose) or vehicle by intramuscular 
or subcutaneous injection at 14-day intervals. Treatments began at 
60 ± 3 days postpartum and continued for at least 10 cycles. 
Composite milk samples from each cow were collected on day - 7 of 
the pretreatment period and on day 7 of injection cycles 1 through 
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• 10 There was no significant mcreascTrTmilk IGF-II concentrations 
in any of the sampling periods (P > 0.05). However, the concentra- 
tion of IGF-I in milk from the rbGH-treated cows was significantly 
increased across the ten injection cycles. The average increase in 
IGF-I concentration was 2.2 ng/ml in milk (Table 7). 

It appears from these studies that IGF-I concentrations in the milk 
of rbGH-treated cows arc increased above those concentrations 
: bund naturally in untreated cows. However, the data md.cate that 
rage of lactation and parity also significandy influence IGt-I 
. ,ncentrations in milk. IGF-II milk concentrations, on the other 
md, arc not affected by rbGH treatment. 



8 



9. 



10. 

u. 

12. 
13. 
14. 

IS. 
16. 
17. 

18. 
19. 



"onclusions 

' The data evaluated by the FDA document the safety of food 
,-oducts from animals treated with rbGH. Bovine GH is biological- 
inactive in humans; therefore, residues of bGH in food products 
ould have no physiological effect even if absorbed intact from the 
astrointcstinal tract. The possibility that fragments of bGH pro- 
uce metabolic effects in humans is not a basis for concern as it is 
nlikcly that any active fragment could be produced in biologically 
onifkant amounts in the gastrointestinal tract. Very mild hydroly- 
° conditions arc necessary to retain even the limited activity 
bserved in test animals. No oral activity was found when rbGH was 
Jministered to rats at exaggerated doses. In addition, very limited 
csidue studies suggest no significant increase in milk concentrations 
,f bGH due to the treatment of dairy cows with rbGH. Further- 
norc, 90% of bGH in milk is destroyed upon pasteurization, and 
bGH treatment appears to have no significant impact on the 
^.utritional quality of milk. 

The FDA concluded that an increase in growth factors secondary 
to rbGH treatment was unlikely to present any human food safety 
concerns. Nonetheless, the FDA felt it was important to establish 
the range of concentrations of growth factors after rbGH treatment 
and the potential for oral activity because of the widespread use ot 
milk-based infant formulas. IGF-I was chosen as the growth factor 
for study because it is the major factor that mediates the effects ot 
GH. 

The oral toxicity studies demonstrated that rIGF-I was not acme 
at doses up to 2 mg/kg per day in rats. Additional information, 
collected to resolve any concern for potential neonatal exposure to 
IGF-I demonstrated that IGF-I is denatured by the process used to 
prepare infant formula, which eliminates any basis of concern for 
minor increases in IGF-I concentrations in milk. Although limited 
information is available about the concentration of IGF-I in human 
milk, the data indicate that the concentration of IGF-I found in milk 
from rbGH-treated cows is within the physiological range found in 
human breast milk. On the basis of this information, the FDA 
scientists concluded that the use of rbGH in dairy cattle presents no 
increased health risk to consumers. 
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